The purpose of this paper is to investigate acoustic charactm'stics which distinguish ejectives hm pulmonic stops in Ingush (a Northeast Caucasian language), and t o compare Ingush ejectives to those of other languages. The articulation of ejectives is relatively well understood, but their acoustic effects are less clear. Working with a native speaker of ingush, ejectives and pulmonic voiceless stops were compared for VOT, closure duration, and post-burst power, and pitch, amplitude, and voice quality of the following vowel. Ingush results are compared to published descriptions of ejectives in several other languages. Ingush ejectives do not have all the same acoustic features as any other language studied. The characteristics of ejectives vary with each language, and do not pattern together to form just two types of ejectives, as has been claimed based on binary comparisons.
INTRODUCTION
Ejectives, which occur in approximately 16% of the world's languages, are very different h m the more common pulmonic stops in their articulation: the speaker makes an oral closure while simultaneously closing the glottis, then raises the larynx. This action causes an unusually high oral air pressure.
The oral closure is then released, and the air rushes out of the mouth. At some point &er the release of the oral closure, the glottal closure is also released. However, the acoustic cues for ejectives are less often discussed. Larynx raising and high oral pressure, the articulatorily distinctive aspects of an ejective, cannot be heard, but ejectives are auditorily quite distinct fitnn other types of stops, so what is it that listeners h w in them?
One would expect that the burst of an ejective would have different characteristics from that of a pulmonic voiceless stop, because the glottis is closed during the burst of an ejective, and the air in the mouth is under higher than usual pressure. After the burst, an ejective should have almost no noise, since the glottis is still closed, preventing flow of air h the lungs. The action of the vocal cords (phonation type) at the beginning ofthe vowel after an ejective should be different h r n usual, since the vocal cords have been held tightly together, whereas they are apart during a pulmonic stop. Because we know that vocal cord action is likely to be different, we might also predict a difference in the pitch of the vowel following the two stop types.
Past work on ejectives [l, 2, 3, 4, 6 In a recording booth, the same speaker was recorded producing six repetitions of each word (three in isolation and three in the intervocalic &me), each time in a different random order. He was prompted with words written in Cyrillic orthography on index cards. The data was digitized at 48,000 Hz and analyzed using ESPSIWaves.
ANALYSES PERFORMED
Since a large quantity of data was recorded, it is not necessary to use all of it for most analyses. Therefore, a selection of 3 8 tokens (19 pulmonic voiceless, 19 ejective) was used, which includes one token for each pulmonic voiceless or ejective stop before each vowel quality, in both initial and medial environments (less one token for which data was missing). A very common effect of ejectives on phonation type is'a slow rise in the fallowing vowel's amplitude (Fig. 4) . To quantify this, I calculated the power-of the waveform, then the first order Hamming window, were used. The long frame length and short frame step were necessary to provide a smooth m e , so that the first order difference could be accurately calculated. The use of a Hamming window, however, should "ke the effect of power at the edge of the window on the point being calculated.
Measurements within the Stops
I then found the average of the fint order difference over the first 20 msec. of voicing after the stop. For this measure, the vowels after pulmonic voiceless stops had an average of 21,955, while the vowels after ejectives avemged 6,503. Kingston [4] , comparing Tigrinya and Quiche, concludes that there are "tense" (Tigrinya) and "lax" (Quiche) ejectives, and that the glottal release is at the onset of voicing for tense ejectives, but with or near the oral release for lax ejectives. Lindau [6] draws a similar conclusion based on Navajo (glottal release at onset of voicing) and Hausa (earlier glottal release). Ingush ejectives are more similar to Quiche or Hausa ejectives than to those of Tigrinya and Navajo, so an early glottal release (at or near the oral release) would be predicted.
Waveforms of Ingush ejectives, however, often show a rather late glottal release, at or near the beginning of voicing, as judged by a sudden onset of noise a f t a near silence. This implies that timing of the glottal release may not pattern with amplitude rise or voice quality of the vowel. Further research on Ingush using oral airflow may help to confirm this.
Most previous cross-linguistic comparisons involved two languages each, and this obviously allowed for a two-way division of ejectives into tense and lax or strong and weak, as in [4, 61. However, a comparison of the several languages above shows that no two languages pattern together for all the characteristics shown in the table. Tigrinya and Navajo do have similarities, but a binary division of ejectives is not sufficient to describe the data. Preliminary investigation of the timing of the glottal release makes a binary division even less likely. Ingush is closer to Hausa and Quiche than to Tigrinya and Navajo, but it does not pattern consistently with any of the other languages.
